The article is devoted to the development of a mathematical model for the analysis of functioning interferonogenic supply chain of textile products. A mathematical model and method of analysis of the functioning of an integrated supply chain of textile products are proposed. A mathematical model contributing to cost reduction in the supply chain of textile products is recommended. The results show that the mathematical model of optimization of placement textile enterprises promotes the decrease of the expenses in the supply chain. The designated model will not only be helpful for managers and enterprises related to textiles, but also for other fields dealing with logistics and supply chains in planning and organization of transport processes.
Introduction
The textile industry has become one of the leading sectors of the global industrial complex [1] . It shares 5.7% of gross world product, more than 14% of employment in the industrial complex. Increased trade between the countries and involving new states and territories in the global turnover is changing the world market and enhancing international competitiveness in the sphere of production and market saturation of products in the textile industry, everyday products, and products for technical applications. Today the leaders in the textile industry are considered to be China, and the countries of Central and South-East Asia and also developing rapidly [2] . In these countries, the textile industry was declared as a priority for the development of the national economy. Experts estimate that the manufacturing and developing of these markets will make up a large part of the world economy, a higher share of income growth compared to the economies of the US and Europe [3] .
Production in developed countries is focused on manufacturing products with the high added price based on high technology, innovation, and quality design, the latest trend in the production of products of high class and technically complicated and unique textiles, including the latest developments in the field of "smart" textiles [4] . In conditions of increased competition, becoming more important in the world market is the competitiveness of products (quality, design, new consumer, medical-biological and functional properties, etc.) [5] . Rising incomes of the population have led not only to increase of sales volume of textile industry goods but also to changes in the assortment structure of the consumption of goods. Today, consumer preferences of the wealthy population switch in favor of more expensive high-quality goods, improved consumer properties, and fashionable design.
Uzbekistan is a country with developed industry. It employs 40% of the primary production assets of the national economy and more than a million working population. In the formation and development of the industrial complex of Uzbekistan, the central place is covered by the textile industry. In the specific conditions of the Republic, which are considered to be massive agriculture formed in different areas of the textile industry, includes the production of cotton yarn and hosiery, upper and linen knitted fabrics, garments, and so on [6] .
The textile industry of Uzbekistan is innovative, an attractive sector of the economy. In this regard, today, the textile industry of the Republic is strategically essential to develop the technology, innovation, and information activity, as these measures will improve the efficiency of enterprises, and ensure their competitiveness. The rapid development of the textile industry and an increase in the export potential of the industry brings the issue of cost optimization in the supply chain of textile products. Figure 1 shows the logistics diagram of the supply chain of textile products in Uzbekistan, by using which the international delivery of textile products is accomplished. As can be seen from the diagram, delivery is carried out in several ways: by the ground and by the sea. In these circumstances, the need arises in the choice of optimum routes of delivery of textile products with minimum costs on all links in the supply chain.
For research and construction methodology of management of all stages of production and transport systems, new principles and approaches reflected in new research areas of logistics and supply chain are needed. Logistics as a methodological science covers production itself, the field of planning, and control of its steps, most critical informational aspects in the chain "supplier-production-customer." It particularly highlights transport links uniting all the above stages of the production process and its informational aspects, by which all the production process is considered as a single system [7] . As evidenced by international experience, a logistic approach will enhance the efficiency of textile enterprises due to coordination of delivery processes of materials and finished products at all stages of the logistics chain: close linkage of the material flow with the manufacturing processes; integrated simulation of the movement of textile materials and use of models to optimize the management of material flow [8, 9] .
Therefore, efficient transport ensuring the distribution of goods is one of the essential reserves of economizing resources. The above proves the importance of developing research-based models and methodological frameworks for the analysis and planning of the transportation process in logistic supply chains [10] . Herein, we have proposed a mathematical model and method of analysis of the functioning of an integrated supply chain of textile products. This model contributes to cost reduction of textile products in the supply chain. Moreover, this model also optimizes the placements of textile industries and thus promotes the decrease of expenses in the supply chain. 
Main stations and ports
Urumchi Figure 1 . The route of transport corridors of Uzbekistan used for international shipping of textile products.
Literature Review
Problems of development of the theory of logistics and supply chain management proved that further progress of the theory and methodology of modeling and integrated planning of supply chain requires structuring and improvement of existing analytical tools. The external environment of logistics operations is continually changing under the influence of market changes and competitive conditions. In order to timely and adequately respond to these changes, any company needs a methodology for systematic planning, design, and reengineering of the logistics system, which allows to take into account the circumstances and evaluate possible alternatives for its development. In logistics of the global format, a new direction is actively developing-the supply chain design. The primary objective of transport companies is to form a logistics chain, to unite all participants in the processes of production, supply, and transport in the unified production and economic system [11] . Moreover, costs directly associated with transportation are, on average, 54%, while cargo operations accounted for 8.5% of the costs.
Regardless of the number of business processes and each process covered by the business functions, in the first place should be the integration of key business processes across the supply chain and the management of these processes [12] . The development of the methodology of the process approach to modeling and integrated planning in supply chains are (a) the development of competition caused by the transition from seller's market to buyer's market, which served as the impetus for the development of logistics in general and, in particular, the development of information technology relationship management with customers, suppliers, and intermediaries, such as CRM (Customer Relationship Management), SRM (Supplier Relationship Management), and ERM (E-business Relationship Management); (b) the use of approach process as the inter-industry standard for the supply chain management SCOR model (Supply Chain Operations Reference); (3) lack of generalized, hierarchically related mathematical models in the process approach. SCOR-model is a descriptive model, and that is its main flaw. Planning in supply chains requires the application of mathematical models and formal algorithms in the framework of the process approach and SCOR modeling.
In other research, it is mentioned that the modern market describes logistics as the connecting link among market demand, production, and network distribution and delivery tasks of accelerating the movement of material flow along the supply chain [13] . The long process of transportation leads to the fact that the product is outdating morally, barely hitting the market. It is necessary to accelerate the movement of goods, and to make the whole system more flexible, and quickly adaptable to market conditions. To solve the problem of flexibility and adaptation of the logistics system, a tool is needed, which can be used at the pre-planning stage with high precision to predict the result of the logistic chain. This tool should be the method of analysis of logistics supply chains. The proposed method of analysis of the logistics supply chain should reflect the order of calculation, taking into account the pricing of goods and the scheme of routes of the goods delivery. A logistic approach to the analysis of supply production and distribution of products is designed to minimize the total cost of all stages of storage and movement of goods [14] .
In the research of [15] for description of participants in the logistics process, methods providing an increase of efficiency of activities through the organization of material flows are provided. A significant part of logistics operations in the path of material flow from the primary source of raw materials to the final consumer is carried out using a variety of vehicles. The costs of these operations reach up to 50% of the total logistics costs. The priority tasks of transport logistics are noted: collaborative planning of transport processes with warehouse and production; in the case of mixed transportation-joint planning of transport processes for different modes of transport; ensuring technological unity of the transport and warehouse process; determining rational delivery routes.
In the works of [16] , new approaches, concepts, and ideas in supply, logistics, and marketing are set out. The problems of transportation control: consolidation of small shipments, tracking, and acceleration of transport, forwarding and recognizing, route determination, carrier selection, price determination, and negotiation are being examined.
The development of research area modeling and integrated planning of the supply chain involves three stages. Firstly, the development of the theory by the generalization of scientific research and practical experience. Secondly, the development of methodology understood as studying the structure, organizational logic, methods, and means of activity. Practically, this means that for the solution of specific problems in the subject area required a set of ideas, formal methods, models, and algorithms. Thirdly, the development of techniques to specific tasks, using formal methods, models, and algorithms. However, in the above studies, various aspects of the application of logistics methods are included in supply chain management, but it does not sufficiently take into account various specific features of delivery goods.
Thus, the methodology of the process approach to modeling and integration the supply chain is not entirely developed, which determines the relevance of research in this direction. To solve this problem, first, the business processes and mathematical models describing them should be aligned, a hierarchy of models developed, and those business processes for which there is no adequate mathematical model defined. The next stage is the development of mathematical models, methods, and algorithms of optimization of those business processes for which these models, methods, and algorithms do not exist. Some methodological issues associated with these problems, including models and algorithms for planning and simulation in supply chains, are discussed in the works of domestic and foreign scientists. Others require further theoretical studies that form the basis of new, intellectually-analytical trends in logistics.
A Mathematical Model of Functioning Integrated Supply Chains
The logistics chain for delivering textile products represent a very complex system for its mathematical description. This, in turn, when implementing the model will require a significant investment of time and money. Herein, we built a mathematical model that accurately described the behavior of the system and would not require much time for programming and computing. From this point of view, it is advisable to use a deterministic approach for the description of the functioning of logistic chains of delivery textile products. This approach is due to the following reasons: ease of calculations, the lack of the necessary statistical data for a sufficiently long period, lack of treatment of probability factors in solving concrete problems of analysis and planning.
Generally, it can be considered that the planning process in real logistic chains has a deterministic character. Moreover, since the information obtained as a result of the analysis is necessary for study planning purposes, the deterministic description of processes in logistic chains of cargo delivery is justified for analysis. Additionally, the representation of decision variables in the model as deterministic quantities satisfies the requirements of the transport service quality (delivery just-in-time).
Functioning of logistic systems has been researched previously [17] . In the result, they instead obtained a complex problem of mathematical programming with continuous variables; the transport process is represented as a linear function, and for building a mathematical model, the methodology of average dynamics is offered. However, the study of mathematical models of authors proves that the real transport process corresponds to the model in the context of classification of transport systems that are set to work.
Consequently, earlier studies of logistics systems are based on a misconception of the nature of the flow transport process, and conclusions about its impact on the efficiency of functioning of the logistic system, in general, are unfounded. As a result, there is a need to develop a mathematical model of functioning transportation logistics systems, which would take into account the peculiarities of the transport process and allow to evaluate its influence on the final result.
Logistics systems usually consists of several subsystems (procurement, production, transport, and consumption). For each phase of the logistics system, where the delivery of textile products represents a specific type of transport system, the correctness of the definition depends on the quality and timeliness of transport services.
It should be noted that further, a simple logistics system where the process of its functioning may be a manifestation of three types of transport systems of the lower level is going to be considered. As in the logistics system, the link is working backward that carries information about the formation of demand. Thus, it is quite logical to begin the description of the model with the final consumer of the finished product.
Hence, before one signs a contract for the supply of products by the manufacturer, it is necessary to ascertain the possibility of fulfillment of obligations on production. It is necessary to compare the production capacity of the manufacturer (P prd ) and the aggregate demand for finished products for all consumers (C fp ) if condition (1) is not satisfied, it is necessary to adjust the plan for the supply of products:
where P prd is the maximum amount of production; C f p -the volume of consumption of finished products; C f p i -the volume of consumption of finished products by the i-th user; N-the number of consumers of finished products.
Then we needed to check the ability to deliver products within the specified time and required quantity, which requires determining the type of transport system in the area "production-consumer," which will allow organizing the delivery of the products to the consumer efficiently. Here, to determine the type of transport system in each link of goods delivery in the logistics chain the following sequence can be used:
1.
The route type needs to be set, on which delivery of goods is being done:
-Pendulum with reverse loaded mileage; -Pendulum with partial load, in reverse directions; -A pendulum with a full load in a reverse direction; -Circle.
2.
The number of routes (R) that correspond to the number of consumers of finished products in the chain "production-consumer" and the number of suppliers of raw materials on the link "suppliers of production" determined.
3.
A solution of the single transport in the link of delivery taking into account the type of route (Oa/R) calculated.
4.
The ability to deliver goods on the route through one transport verified. Therefore, for the link of "production-user" for each consumer of finished products, for a link "supplier-production" for each supplier of raw materials:
5.
Conclusions about the type of transport system are formed by using the following expression:
where R-the number of species used routes, unit; A o -the number of vehicles in operation, unit; R r -the number of riders per revolution on the route, unit. If the conditions of inequality (5) are performed, it is concluded that the presence of a link delivery of a microsystem and further calculations for planning the work of transport on route to perform in the following sequence:
The length of time the transport will be:
where T S -the duration of operation of the system (hours). The calculation of the duration of the circulation transport is made according to the formula:
The calculation of the number of drivers with the load during operation of the system is made according to the formula:
where [X]-the integer part of number X; R p -possible execution of the driving for the remaining time (∆T R ) obtained after execution of the integer part of X. Mathematically possible execution of driving for the rest of the time after a full momentum is defined as the value zero of the variable:
Calculation of the remaining time ∆T R after running full speed:
Calculating the value of some driving with the load, determines the production of rolling stock for a change:
where δi-the coefficient of use of capacities at i-th implementation of the i-th individual. The value of a daily run rolling stock:
where l we -the length of runs without load (km). If requirements of the contract for product delivery by the manufacturer satisfy the requirement, so that:
where R i -the sequence number of the route to link the delivery of goods in the logistics system. Planning the route of transport is easy to implement using a methodology for a minimal system, according to which the duration, performed using the formula, determines turnover of rolling stock:
The formula accepts the calculation of the number of the riders during operation of the system:
where n-the number of driving per turnover.
The formula determines the number driving:
where r-the number of idle parts of the route, which must pass the transport to carry k-driving with the cargo. The amount of rest time is determined by Equation (10), later, the next generation of rolling stock is determined according to Equations (12) and (13) .
The length of a daily run:
In the case when the conditions under which:
The planning of transports on the routes should be performed according to the method for a small system. Small systems are divided into saturated and unsaturated. For such a system, the saturation moment is determined by the following equality:
where I m -the interval of movement of transport (hours); Rh-the rhythm of the system (1 h).
The calculation of the turnaround time of transport is made according to Equation (14) . The rhythm of operation of the system is equal to the value of the rhythm of loading (unloading) works Rh lj in j-th of the points where it is maximum:
where X l(u)j -the number of posts in the j-th point of loading (unloading), j = 1, n.
To avoid the first queues in points of loading (unloading) the issue of transport must be carried out by the duration of the rhythm system. Then, given that all of the transports systems are closed at the same time, the planned duration of any transport system depends on the ordinal number, under which he goes to the routes:
where T S -the planned duration of the system (hours); i-the ordinal number of the transport. The length of the turnover of the transport is determined by Equation (14), a calculation of the driving amount of the i-th transport during a stay in the system by the formula:
where R p f i -the number of driving of the i-th transport for the remainder of the time after performing the rotations on the route. The quantity of R p f i can take the following values:
where f -the number of idle parts of the route, which must pass the transport to carry k driving with the cargo. The amount of rest time after running full speed:
The formula determines the development of the i-th transport in the small system:
The required number of vehicles for transport under consideration the small system is calculated according to a particular procedure, based on the fact that the declared volume of traffic should not exceed the total production transport.
The procedure of calculations is as follows:
calculating the number of the first driving out on the routes, transport; -determined the amount of cargo O1 that can be delivered by the first transport; -compared O1 and O L , if the O L > O1, O2 is calculated and determined O2 + O1, and so on until the amount will satisfy the condition (28).
The development of the system for time T S :
The run for changing all transports that serve the system:
After determining the type of transport system in the delivery link of finished products, it is necessary to calculate the throughput (O Sfp ) on each route of a logistics chain "production-consumers" and compare with the required volume of supplies to consumers (C fp i ):
If the condition (31) fails, it means the inability to deliver products in the required amount under the existing parameters of the transport system, which ultimately will lead to the increased cost of production at the end of the logistic chain. The failure of condition (31) will lead to increased cost and construction time of the object. The next step is the calculation of need in every kind of raw material for production claimed by consumers (C fp i ):
Next, the production of the first transport, per the route type, for each supplier of raw materials is to be determined and compared with the raw materials for production:
Inequalities (5), (13) , (17) define the type of transport system on the link "suppliers of raw materials-production" and the bandwidth (O s.rm ) for each route of the system.
If the planned amount of supply of raw materials exceeds the throughput on this route (O rm j ≥ O s.rm ), it is necessary to calculate the level of reduction in plan production according to the formula:
The reduction of the production plan, in connection with the shortfall of raw material, will cause a rise in the price of production at the end of the logistic chain. If the throughput of the system in the delivery of raw materials allows meeting the needs of the manufacturer, making a timetable of transports on the route and, if necessary, the schedule of release, then move on to the final stage of calculation of production costs at the end of the logistic chain. In contrast to the currently used mathematical apparatus, in the calculation of indicators of functioning logistics systems, this model takes into account the discrete nature and the behavior of the transport process in areas of delivery [18] .
Results
In this study the analysis of logistics and supply chains of textile products was in the Eastern direction ( Figure 1 ). All the numerical data was collected from the Research Center at Tashkent Institute of Textile and Light Industry, Uzbekistan. The logistics diagram of the supply chain of textile products was examined, depending on the time of their promotion. Annual turnover or the number of flights and journeys on the route Tashkent (Uzbekistan)-Almaty, Zharkent (Kazakhstan)-Urumqi (China), (L) was determined by 365 days per year and the total time of the turnover of goods t:
The total turnaround time is defined as the sum of the processing time of orders from buyer and seller, the transport time in international communication, and the time the goods were in the warehouse (including shipping time), as well as the time spent by the goods at the place of retail trade.
The formula determines the amount of inventory or the average size of delivery per flight and journey, Vm.i. for each alternative delivery option:
where Vs-the volume of sales, dollars, or unit goods. The cost of transporting per flight and journey with each mode of transport for each sales volume is defined as follows:
Total costs per flight and journey with the delivery of the goods for each of the alternative schemes for the delivery costs include shipping and cost of inventories.
The costs of inventories are determined by the C st , depending on the transport time t and the time when the product is in stock tw:
where r is the percentage rate on the stock value, %. Studying this example:
1.
The volume of demand for textile products is a sufficiently stable and regular character. Sale of textile goods is carried out uniformly by the day.
3.
An alternative scheme of delivery goods:
(1) Transportation by plane in small containers to the place of retail trade; (2) Road transportation in small containers to the place of retail trade; (3) Road transportation in large containers to the place of retail trade; (4) Transportation by railway in large containers to the warehouse and from small batches to retail outlets.
4.
The time during plane transportation: request processing time-6 days; travel time-1 day; time spent at the place of retail trade-2 days.
5.
The required time for transportation by vehicles transport in small containers: request processing time-6 days; in 3 days; time kept in retail-3 days. 6.
The required time for the transportation by vehicles large containers: request processing time-6 days; in 3 days; time kept in retail-9 days. 7.
The required time for carriage by railway, in large containers to the warehouse and then in small batches: request processing time-6 days; time 5 days; the time spent on stock-10 days; the residence time in the place of retail trade-6 days. 8.
Specific transport costs:
(1) During sales volume of 615,384 USD or 79,000 units. By different means of transportations: plane 0.051 USD; vehicles of small containers 0.042 USD; vehicles of large containers 0.024 USD; railway 0.003 USD. The overall cost per flight and journey with the delivery of goods for each of alternative delivery schemes, including costs for inventories; -Rational schemes of goods delivery for each sale.
Solution: calculations are summarized in Table 1 . Table 1 . Choice of logistics diagram of the supply chain of textile goods depending on the time of their transportation.
Indicators By Plane

By Vehicles of Small Containers
By Vehicles of Large Containers
By Railway
The request processing time, days 6 6 6 6
Time of transportation of goods, days 1 3 3 5
The time of the goods in the warehouse, days 0 0 0 10
The residence time of the goods at the place of retail trade, days 2 3 9 6
The total time of turnover, days 9 12 18 27
Annual turnover 4056 3042 2028 1352
The amount of inventory or the average size of delivery per flight and journey, when the alternative schemes for the delivery of goods, USD Thus, when the volume of sales, amounting to 615,384 USD, 461,538 USD based on the principle of minimizing total costs, it is advisable to transport the textile goods by railway, delivery of textile products in the amount of 384,615 USD by vehicles in small containers, and upon delivery of the goods in the amount of 192,308 USD by plane transport.
Conclusions
In the practice of transport organizations today, there is a need for a mathematical and methodological tool for ensuring high-quality analysis and planning activities of vehicles in the logistic supply chain. Successful realization of the planned directions will allow solving significant scientific and practical problems that will create the conditions for science-based planning and management of rolling stock on the links of the logistics supply chain. Results obtained after computer modeling should be explained (described) and analyzed. Based on the analysis, evidence-based guidelines for planning are produced for the rational values of work of rolling stock on parts of the delivery of goods in the logistics system of textile products; the rational number of vehicles of sufficient capacity; and the formation of reasonable targets for each participant in the logistics chain at the level of service. The described model will help managers of enterprises in planning and organization of transport processes, especially as a mathematical and methodological tool for analysis and planning activities in the logistic supply chain, not only for textile products. Moreover, the described model can decrease the costs of the supply chain functioning by comparison and choice of the right way for the realization of transport. However, in practice, such analyses are more complex.
